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World Energy Supply and
the Role of Renewable Energy
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74% increase

Total annual average world electricity growth - 2.4% from 2001 to 2025
Growth rates in transitioning economies higher than developed economies

Natural gas and coal will be near-term fuels of choice for generation
Distributed generation and renewable energy will offer attractive options
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Magnitude of Challenge Requires
Global Action and a Change in Trajectory
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Getting There Involves...

Technologies
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Renewable Energy is Growing

Renewable Energy Annual Growth Rates

Energy-Tech Investments as a Percent of Total U.S.
Venture Capital

Source: Nth Power LLC

PV is a $10B+ industry and a $1B venture capital market
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Worldwide PV Shipments




Distributed generation is the immediate market
. . . peak power

California (2004)
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Policy
Stimulates markets
Federal, state, and local governments are the STEWARDS

CALIFORNIA
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Experience
(It works . . .])



Is Policy ALL We Need?
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Focus on Module R&D . ..
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PV Module Production Experience (or “Learning’”) Curve
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PV Module Production Experience (or “Learning’”) Curve
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PV Module Production Experience (or “Learning’”) Curve
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PV Module Price (2004$/Wp)
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PV Module Production Experience (or “Learning’”) Curve
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1976 *“80% Learning Curve™:
Module price decreases by
20% for every doubling of
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PV Module Production Experience (or “Learning’”) Curve
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PV Module Production Experience (or “Learning’”) Curve
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R&D

Ensures technology ownership, enables growth, new markets
DOE is the STEWARD

PV Module Price (2004$/Wp)

PV Module Production Experience (or “Learning’”) Curve
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1stand 2nd Generation PV /'3)/;\

Applied Science & Engineering 7
Fundamental Science Support

National Laboratory and University Partners
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3rd Generation PV primarily
Fundamental Science
Advanced Applied Science

Long Term

University ard

Mational Laboratory
Discovery & Innovaiion
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Cornerstone: Partnered and leveraged with
SC Nanoscience Centers

SCience & TeChnOIogy FaCility University Centers of Excellence
Long Term Discovery & Innovation Institutes

for success

University ard

Mational Laboratory
. Discoveary & Innovation .
Closing the key gaps: Closing the key gaps:
*Time » Performance
between concept & consumer use between theory & practice
from discovery to industry access between laboratory & commercial
delays in re-doing previous between discrete & integrated
knowledge (data mining. . .) components
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Bridging fundamental
and applied research



Basic Research Driven

Technology
Investment
Pathways

3rd
Generation PV

: quantum dots
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Acceleratea

_ Disruptive
r (3—10years)

Evolutionary.

(3 years)
lower Si feedstock prices _
thinner Si wafer technology 2nd thll'-lef:rtmn PV
thin films ' in films
improved processing concentrators
improved performance S ?f‘:’lﬂzlﬁg
i wafers um

advanced integration

advanced packaging Si cells beyond 25%
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Vineyards

PV Fooftop
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The ultimate test of the human conscience  §* 3

may be the willingness to do something l ' _““I , 5
today for future generations whose words of .~ A / ¥ a3
thanks will not be heard. ' AF &

-Senator Gaylord Nelson, founder of Earth Day



The U.S. Department of Energy:s .
National Renewable Energy ltaloratory,

www.nrel.goyv.
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